Urethanes have marked physiological activity in plants and animals. Lefevre (1939) found that phenyl urethane affects wheat germination, and subsequently Templeman and Sexton (1946) (Larsen and Heston, 1945; Larsen, 1947 Stedman, 1931 Stedman, , 1932 , the inhibition of choline esterase by such urethanes as eserine and prostigmine being well known. Schweitzer, Stedman and Wright (1939) conclude that the urethane grouping is essential for esterase inhibition.
Urethanes have marked physiological activity in plants and animals. Lefevre (1939) found that phenyl urethane affects wheat germination, and subsequently Templeman and Sexton (1946) showed that a variety of urethanes suppress the germination of wheat and oats without affecting charlock. The most active urethanes (for example, isopropylphenylcarbamate;-ethylphenylcarbamate) are effective at a concentration of a few parts per million. These arylcarbamic esters are known to affect mitosis in cells and this fact led to an investigation of urethanes as possible inhibitors of tumor growth. Haddow and Sexton (1946) obtained positive results in animals with isopropylphenylcarbamate, ethylphenylcarbamate and ethyl urethane, though the last is apparently inactive in plants. Ethyl urethane is used in the treatment of leukemia (Patterson et al., 1946) , but in mice its administration gives rise to lung tumors (Larsen and Heston, 1945; Larsen, 1947) . These effects of urethane take place at much smaller concentrations than those required to bring about its well known narcotic affects. Esterases are inhibited by urethanes Stedman, 1931, 1932) , the inhibition of choline esterase by such urethanes as eserine and prostigmine being well known. Schweitzer, Stedman and Wright (1939) conclude that the urethane grouping is essential for esterase inhibition.
Meyerhof (1916) showed that urethanes inhibit the respiration of nitrite oxidising organisms, the inhibitory power increasing with increasing size of the aliphatic radicle; for example, methyl urethane, inhibits the oxygen uptake of these organisms by 50 per cent at a concentration of 0.3M, but isoamyl urethane is equally effective at a concentration of 0.022M. Ethyl urethane also inhibits respiration of isolated pure cultures of Nitrosomonas by 42 per cent at a cocentration of 0.016M and gives 4 per cent inhibition of Nitrobacter respiration at a concentration of 0.11M. The inhibitory effect of urethane was confirmed by Lees and Quastel (1946) , who found, however, a higher sensitivity of the process of nitrification to ethyl urethane in soil culture. The inhibitory effect of ethyl urethane on soil nitrification was also shown to be reversible. Quastel and Scholefield (1949) pointed out that while 0.01M ethyl urethane completely suppresses the nitrification of 0.01m ammonium chloride in garden soil for about twenty days, the subsequent rate of nitrification proceeds normally. The final nitrate 282 nitrogen recovered, however, accounts for 80 per cent of the total nitrogen of the ammonium chloride and of the ethyl urethane. Urethane perfused by itself, is ultimately metabolized by soil organisms. Moreover, urethane at low concentrations (10-m) greatly inhibits nitrate formation from ammonium ions on perfusion through a fresh soil, but at a concentration of 3.6 X 10-m it inhibits by only 50 per cent the rate of oxygen uptake due to ammonium ion oxidation in an enriched soil. At a concentration one tenth that required to produce a definite inhibition of the rate of oxygen uptake, ethyl urethane secures almost complete inhibition of proliferation of the ammonia oxidising organisms in soil. The conclusion was drawn (Quastel and Scholefield, 1949 ) that ethyl urethane, at low concentrations, interferes with some aspect of ammonia metabolism essential for the development of these organisms.
Although ethyl urethane at a concentration of 3 X 10-m inhibits the growth of the ammonia oxidising organisms, and at 36 X 10 4m inhibits by 50 per cent their rate of ammonia oxidation, a concentration of 2,000 X 10-4M is required to inhibit the respiration of rat brain cortex of 50 per cent (Jowett, 1938 ) and a concentration of 300 X 1074m inhibits guinea pig brain respiration by only 20 per cent and does not affect yeast respiration at all (Quastel and Wheatley, 1932 (cf. Skipper et al., 1951) .
METHODS
The technique adopted has been fully described elsewhere (Quastel and Scholefield, 1951 ) and therefore will not be given in detail. Briefly, the method of investigation was that of continuous perfusion in the dark at 21 C of a neutral solution containing ammonium chloride and/or ethyl urethane through a column of 30 g URETHANES AND SOIL NITRIFICATION air-dried crumbed soil (2-4 mm crumbs) under conuditions of optimal aeration and water saturation but -with no waterlogging. The rates of conversion of Ammonium ions to nitrate were measured, the methods of analysis of samples from the soil perfusion apparatus being those previously described (Quastel and Scholefield, 1951) .
Manometric studies were carried out with the conventional Warburg manometric apparatus using soils enriched or saturated with nitrifying organisms or with organisms capable of oxidising ethyl urethane. The process of adapting such soils for manometric investigations has been described in detail (Qua"tel and Scholefield, 1951) . 
RESULTS

Effects of Urethanes on Nitrification of Ammonium
Ions in Soils A series of urethanes R NH -CO* OR', including ethyl urethane NH2 CO OC2H-, was perfused in the presence of 0.01M NH4Cl through soil. Their effects on the length of the lag period before nitrification of the ammonium ion commenced was determined from the period required to produce 70 usg/ml nitrate-nitrogen. Typical results are shown in table 1.
The most active compounds in the series were ethyl-N-butyl carbamate and isopropyl-carbanilate. Even though the latter was used as a 3.3 X 10-3M suspension it produced a thirty-two-day lag period before nitrification of ammonium chloride began. Ethyl carbamate (urethane) caused an eleven-day lag period at this concentration. The presence of a phenyl group in carbanilates is not itself responsible for high toxicity, as ethyl carbanilate produced a shorter lag period (6.5 days) than that due to ethyl carbamate. Ethyl Nisopropyl carbamate produced a 6-day lag period compared with the 32 days obtained with isopropyl carbanilate. It seems, therefore, that the ability of the substituted carbamates to inhibit nitrification is a function of both substituents, R and R1. A substituted urethane having a high inhibitory effect on nitrification of ammonium ions in soil is eserine which is an ester of N-methyl carbamic acid. Typical results with eserine are shown in table 2. It proves to bB at least ten times as effective as ethyl urethane in inhibiting ammonium ion oxidation in a fresh garden soil. (Quastel and Scholefield, 1949 ) that urethane may be so converted, and the results given in figure 1 Galloway (1935) offered data to show that atmospheric moisture is more effective than moisture in the substrata for bringing about the germination of mold spores. For information on the second question, Smith (1942) states, "If dry samples of pure wool and pure cotton are exposed to the same atmosphere the wool will take up approximately twice as much moisture as the cotton and, leaving out of account differences due to chemical composition, the two samples will be approximately equally liable to mildew."
